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ABSTRACT

"The breakdown characteristics of antennas under supersonic flight

conditions at altitudes up to 80 miles were investigated. Three Nike-

Cajun rockets were instrumented and fired from Eglin Gulf Test Range on

4 November 1960 and on 14 and 24 March 1961. Significant results were

obtained only from the 14 March firing.

Details of the instrumentation are given, as well as a discussion

of the data obtained. Data are given on the RF power required to

initiate and extinguish breakdown, surface temperatures, and pressure

on the surface of the conical nose. A comparison of breakdown data

with previously obtained laboratory data and with the theory of break-

down phenomena reveals discrepancies which remain unresolved due to the

limited quantity of flight data available for analysis.
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I INTRODUCTION

Telemetry and tracking signals from rockets and missiles have fre-

quently been subjected to severe degradation caused by 1F breakdown of

the vehicle antenna. Previous experimental studies to evaluate the

effects of this breakdown phenomenon have mainly been conducted in the

laboratory, in which static pressure and room temperature conditions prevailed.

The primary goal of the investigation reported herein was to study the

breakdown characteristics of antennas subjected to the dynamic conditions

encountered in supersonic flight. The information thus obtained would

provice a means of determining the ability of the laboratory vacuum-

chamber data to predict the performance of antennas on hypersonic vehicles.

The breakdown of antennas at low pressure has been studied in the

past by various investigatorsl3* and'it has been shown that the primary

source of ionization is electron motion. The equation which describes

this mechanism is

ý)n

-t=(V. v.)n +V
2 (Dn)+

where n is the electron density, v. is the frequency of ionization per

electron, v. is the frequency of attachment per electron, D is the dif-

fusion coefficient, and S is the rate of production of electrons by an

external source. For breakdown to occur, the rate of change of electron

density with time (•n/•t) must be slightly greater than zero. Under these

conditions the electron density will increase exponentially with time at

a rate determined by 'n/lt, which is the value of the difference between

electron production and loss rates.

For the pulse breakdown case Eq. (1) can be integrated over a time

period of the pulse, 'r, to obtain the final density, n. Performing the

integration and making the substitution that 7 2 (Dn)/n = -D/A 2 , which is

obtained from steady stat'e solutions of Eq. (1).

References are listed at the end of the report.
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In
V' v Dp no+ C + - (2)

P P (pA) 2  P•

Here A has the dimensions of length and is a characteristic diffusion

length for the particular geometry and conditions being considered. The

pressure term included in Eq. (2) is necessary to account for the effects

of density changes on the various rates. 4 The initial source term, S, is

eliminated except that it established the initial value of electron

density no.

V in Eq. (2) is taken as the value of electron production rate per

electron required to produce breakdown, while the quantities on the right

side of Eq. (2) constitute the loss rates by attachment, diffusion and

the additional increment of vi required for breakdown during the pulse

length r. The value of n is assumed to be approximately equal to the

electron density associated with the plasma frequency, fp = 9 X 101'%,

where f is the frequency of the applied electric field.

In order to determine the electric field required to produce break-

down the relationship between vi and E. must be known. EC is the effective

field which would produce the same energy transfer to the electrons as a

dc field and is given by

Evý

E = (3)

(2 + 2

where E is the rms field, co is the angular frequency of the applied field

a8 z,, is the collision frequency.

The equation describing breakdown under CW conditions is the same as

Eq. (2) with the exception that, for CW, r - and (In n/no)/Pr 0.

Thus Eq. (2) becomes

i a Dp
= ~ + (4)

P P (pA) 2

2



The principal means by which antenna breakdown is changed( by the

dynamic conditions of supersonic flight below about M = 6, which is the

speed regime of interest here, is through the modification of the gas

density and temperature adjacent to the antenna due to aerodynamic

effects. Examination of the equations describing pulse and CW breakdown

indicate the dependence of the electron production rate, v,, as well as

all the loss mechanisms (attachment, diffusion, and time-dependent term)

on density. The relation between E and Er,. Eq. (3) which is dependent

on the collision frequency, and thus density and temperature, is also

modified by flight conditions and must be considered.

In m;-sile systems where very high velocities are encountered,

M > 10, ionization due to aerodynamic heating and velocity effects may

become sufficient to further modify the required breakdown field.

Since breakdown results are somewhat different for pulsed and CW

radiations, tests were performed for each of these conditions. After

power output, size and weight, and complexity of available equipment

were considered, it was decided to perform the pulse experiment in the

X-band frequency range and the CW experiment in the V11F range. Labora-

tory tests and theory indicate that for a given frequency, antenna con-

figuration, and maximum power, breakdown can be expected to take place

over a certain range of gas densities. In the atmosphere the air density

is a function of altitude. Figure 1 shows the approximate altitude

regions at which breakdown would be expected for VHF and X-band narrow

slot antennas where the power available is 30 watts CV and 7.0 kw peak,

respectively. Also shown are velocity and altitude characteristics of

a typical Nike-Cajun research rocket with an 80-lb payload. It can be

seen that this rocket has the altitude capabilities required, as well as

supersonic speed capability throughout the breakdown altitude regions.
3 ecause of these essential characteristics and because of its relatiye

cheapness and ease of firing, the Nike-Cajun rocket combination was

chosen as the vehicle for the test instrumentation.

A second goal, which was introduced later in the program, was to

investigate the buildup of charge on the surface of the rocket during flight.

3
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Finally, a third goal was to investigate the effects of the ionosphere

on very-low-frequency (VLF) signals. This investigation was part of

another contract* which was sponsored by U.S. Navy, Bureau of Naval

Weapons Special Projects Office and conducted by Sill personnel on a

non-interference basis. The results of that investigaLion have been

reportcd separately.
5

Contrsct N,- 60- 0405(FBM)



L.

1I INSTRUMENTATION

A. GENERAL

Three rocket instrumentation packages assembled by SRI were fired 6

from Eglin Gulf Test Bange, Eglin Air Force Base, Florida, in November

of 1960 and March of 1961. The instrumentation consisted of an X-band

transmitter and antenna; a VH1F transmitter and antenna; X-band and

VHF detectors; a telemetry system; common power supply; and pressure

and temperature sensors. In addition to these equipments there were a

VLF receiver, magnetometer and a field strength meter which were used

to carry out the VLF-propagation and missile-charging experiments

mentioned in Sec. II. The VHF and X-band transmitters and the common

power supply were built on a sub-contract with Granger Associates. The

remainder of the equipment was either built or purchased and installed

by the Institute. Standard systems and components were used wherever

possible to reduce cost and complexity.

Figure 2 shows the basic arrangement of antennas and temperature

and pressure sensors. Figure 3 shows the space allocations for all

major equipments. Figure 4 is a photograph of one of the completed

packages with cover removed. Figure 5 shows the nbse cone section.

The design goal for total weight was approximately 60 lbs. However,

the addition of two experiments raised the final total weight of the

equipment package to 80 lbs.

Several methods of data collection were employed. The RF pulsen

radiated by the X-band antenna were detected by ground receiving equip-

ment, and the resulting video outputs were displayed on an oscilloscope

screen and photographed. The CW signals radiated by the VHF antenna

were detected by ground receiving equipment which recorded the AGC

voltage. The rocket velocity, acceleration, and position data were

obtained from tracking raaars and Contraves phototheodolites. A beacon

was carried on each flight to assure good tracking by the radars. The

remainder of the data were telemetered and recorded using standard

FM/FM telemetry equipment.

6
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B ANTENNA BREAKDOWN

1.. VHF

The VHF system consisted of a CW transmitter, detectors, a narrow-

slot test antenna, a short-stub sampling antenna (for sampling power

transmitted by the test antenna), and a dual coaxial-line coupler (.sde

Fig. 6).

The transmitter consist~ed of a driver and two power amplifiers and

was amplitude-modulated approximately linearly so that the power output

varied from a maximum of 30 watts (nominal) to a 'minimum of 1 wabt

(nominal). This was done to initiate and extinguish the antenna break-

down repeatedly throughout the flight. it is known that when breakdown';

occurs the amounts of power reflected and transmitted change suddenl',

and the resulting step in the observed, modulation envelopes can be 'used

to indicate the point, in the modilsf.io n cycl.e at which- the breakdown

occurs. This, together with a knowledge of the slope of the power modu-

lation envelope, enables an accurate determination of the power level at

which breakdown is initiated." The extinguish level: can be determined in

the, same manner. This technique was used in this study. A one -cycle-

per-second modulation rate was chosen because it was rapid enough to

complete one cycle of the power swing with a relatively small change in

vehicle altitude and yet. slow enough to permit adequate telemetry sampling

of the modulation wave.

The detectors were d--c self-compensating Wheatstone bridges with

resistance arms (see Fig.. -7a). Two arms were fixed precision resistors;

tc active, or "unk"nown" arm was an N-610B bolomet.er which was also

coupled to the [IF circuit; the fourth arm was a N-610B bolonieter which

was not coupled to the IHF circuit. This latter bolome'ter was used to

compensate fdr unba lances resulting from temperature changes in the

active bolometer. Potentiometer '17 was used to make the slope of the

resistanca-temperature curve of the compensating bolometer equal to that-

of the active bolometer, The RF circuit. was coupled to the active bolom-,

eter through a high-pass filter with cutoff slightly above 234 Mc to

prevent coupling of the telemetry signals t.o the bridge detector. The

isolation achieved between the. VIIF frequency of 259.7 Me and the telemetry

frequency of 234 Mc was greater than 20 db. Potentiometer 118 was used

11.
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VHF baTEST JAA.Ký

INIUT -~~~---- OLO- ~I
d' METER', I. K > 1

[OUTPUT
BOLO- FCOMPI+ C J2

'OH METER: 'K . ~ 1K 1. 3V . 2K 011TPLIT'
N-bfiUK

20

(a) VHF DETECTOR',

TEST JACK

!on J

SOLOMETEe *X-ýBAND INPUT >1 1K 4

N-610B 9657 Mc

BOL.OMETER K*]ý 4 -if 200 OUTPUT
N-6108 C W2 if 2

WU X-BAND DETECTOR

FIG. 7 SCHEMATIC DIAGRAM OF BOLOMETER BRIDGE CIRCUIT

to. set 'the initial bridge b~alance, and lii1 was used. to, adjust. the output

level, Typical over-all sens'itivit~y was.2.0 mv output per mw of average

flF power input (see Fig. 8).

Tliree siuih dctectorz wore employedt Lo measure the amounts o~f power

incident on, reflected from, and transmitted by the slot test antenna.

These bridges were potted and raounted adj acent to each other on a

common base which w~as removable from the rocket for tuning and for

battery replacement (ace Fig. 9). A coaxial dual coupleor was located

between the transmi tter and antenna to perrriL Sampling, the -incidenxt and

reflected powev. This coupler had a., coupling factor of 30 db and a.,

13
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directivity of 30 dh. A stub antenna was used as a probe for sampling*

the transmitted power (se.e Fig. 2). Decoupling between the stub and.the

test antenna was found to be about 40 db; therefore no further decoupling

was required and the sampling stub was connected directly to the input of

one of the bridge detectors.

The test antenna was a cavity-backed narrow s'lot antenna, with the

rocket skin acting as the ground plane (see Fig. 10). The 1/8-inch

aperture was narrow enough to break down in the altitude region of

120,000 to 240,000 ft. The use of a conventional' straight-section backing

cavity was not possible due 'to the small rocket diameter in terms of the
wavelength. Instead, a wrap-.around type o~f cavity. was used, as shown in

Fig. 10. This was equivalent to a waveguide feed with a-very small b

dimension (Y--inch) and low characteristic impedance. Tn addition, the

a dimension (18-inches) was too small to .ermjt propagat-ion, if air were

used as the dielectric. A dielectric material With a dielectric constant

greater than 2 was required. Originally a material with a dielectric

constant of 2.5 and a loss tangent of 0.013 was used. This consisted of a

resin in honeycomb form, which provided great mechanical strength. The

resuilting antenna was carefully tuned at the operating fi-equency of

259.7 Mc hy adjusting the location and *size of the feed probe. The

maximum VSWIA after tuining was 1.5 over Lh; band from 259 Mc to 261 Mt.

However, the insertion loss was measured and found to be greater than

--- UE SHELL

REXOLITE DIELECTRIC

A-A BNC CONNECTOR

DETAIL A-A
VHP sLOr ANTENNA STATION 43.062

a18" In. x 1/0" wide ) - ,

FIG. 10 VHF ANTENNA DETAILS
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FIG. IfI VHF ANTENNA BREAKDOWN RESULTS .- LABORATORY TEST

7 db, which is considered excesaive'in view of the fact that most of the

power delivered by the transmi tter is. required to assure. a high enough

field at tho slot to caust, breakdown. A second prototype was contstructed

with llexolite as the dielectric. 11:is mate-rial has a dielectric constant

of 2.. 8 and a loss tangent of 0.0006. After being matched to the same

specifications as before, this antenna was found to have an insertion

loss of only 4 db. Breakdown tests 'were performed on 'the flighit-model

antennas in the laboratory vacuum, chamber. The results of the test on

the antenna used in the ].4 March firing are given in Fig. 11.

2. X-I3AND

The X-band system, which was similar to the VHF syst m, is shown in

Fi ;.12. The basic di f ferences were the use of pulsed, rather th.En CW energy,

aud thc use of waveguide, translmission line irnstead of coaxial. cables.

A polsed mlagnetronl wi th a frequency of 9.,657 Mc and a maximum peak

output of 7' kvm was used as thme power source, The pulsed output power

17
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of this transmitter was slowly varied by applying i-cps modulation

voltage to a ferrite modulator in t'he RuF line. The peak-power ,output

thus increased and decreased approximately linearly, with a maximum of

7 kw und a minimum of 700 watts.

The detectors were basically the same as the VHF detectors described,

except that the waveguide itself was used as the input high-pass filter

4and a 1ow-jais output filter was added to obtain u ,,slwly-.varying output

from the video pulses. Also, a I- 1 .f capacitor was connected acro'ss the

compenbsating bolometer to bypass the video pulses which feed back through'

the battery (see Fig. 7b). Typical over-all sensitivity was 3.5 mw out-

put per mw of average 11F power input (see Fig. 8).

Three bridge detectors were employed in the X-band system to measure

incidenit, uefleci.cd, and transmitted power. Two of these detectors were

integral parts of a waveguide dual coupler inserted between the trans-

mitter and antenna to sample the incident and reflected power (see Fig, 13).

These couplers had a coupling factor of 37 db and a directivity of 37db.

With 7 kw peak power input, a pulse width 6f 1 ttsec, and a PRF of 414 cps,

the average BF1" power appearing at the active bolometer in the detector

was approximately 0.5 inw. A short probe was used to sample the trans-

mitted power (see Fig. 2). This probe was coupled to the r'emain ing

detector by a short section of X,--band guide which also served as a hig-h-

,I "pass filter to prevent stray coupling of the 8-band beacon signals to

the detector.. The three detectors were assembled together, as. shown in

Fig. 13.

The test antenna was an open-end wavegui.de with the nose cone acting

as the ground plane (see Fig. 14). The E-plane dimehsion of the waveguide

was reduced from 0.4.to 0.1 inch, to create a narrow slot that would break

down at 7 kw in the altitude range of 50,000 to 180,000 ft (Fig. 1). This

reduction was, accomplished in a combined transition section and E-plane

bend made of stainless steel and terminated in a special flange containing

a quartz window at the poi.nt of attachment to the side of the nosecone.

This assembly was carefully tuned by means of tunin" screws which were then

locked in place to preserve the matched condition.

Breakdown tests were performed on the flight-model. antennas in the

laloratory vacuum cbamber. Results ot" the tests on the antenna used in

19
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STATION 6

it4 OF NOSE CONE

0.1300~~ -0.100 X 0,900 X '/2 FUSEE) QUARTZ INSERT

"0.O

STD. BRASS "X BAND
,'COVER FLANGE

_j2Th4

FIG. 14 X-BAND ANTENNA DETAILS

the 14 March fi rijug are given in Figs. 15 and 16. Figure 15 shows. the

puak.-po~ver lcevels required to initiate and extinguish breakdown as a

function of pr~essure. 'Waveforms of the i'eflectedi And transmitted j)us

were 'obtained for 'several. combinations of pceak power arid pressure by
Ip hotographing oscilloscope traces of the video' output. A. sainp~ling of

these is presented in Fig. 16 with the corresponding points on the

brei'-down power curve indicated in Fig. 15. In all cases the pul1se height

wa.s adjusted by means of attenuators to the same level for convenience in

reading. Actual levels, in db-rolative to an arbitrary zero, are apted

beside each pulse photograph., Figure 16(a) presents incident, reflected

and transmitted pulse waveforms at various pressures, at I peak incident

power l(ývei of 9,4 kw. Figure 1,6(b) and 16(c) arc for peal- incident

'power ]evelý 6f 5.9 and 1.5 kw,.respective~ly.

When a step- function vol tage is, applied which is withiio the region,

"above the curves of Fig. 15 a' small but finite time i's required for the

electron dcnsity to build up enough to cause breakdown. The length of

time required decreases with an increasse of incident power at a constant

precsnsre. 2 -Also, at a conrtant iiiput. power the length of time required
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decreases with e decrease in pressure to approximately tae pressure for

minimum breakdown power. As the pressure is further' reduced the 'time

required increases agaýin. The sequence of pulse shapes in. Fig, 16 'shows

thie widening and narrowing of the reflected and transmitted pulses' as

the pressure is varied,

.C. T EL FME.TR Y ýS-YS TEMN

The telemetry system was a standard FM/FMI system with five sub,-

.carriers. Two of the subcarrier channels were commutated; the remaining

tlipewee ncomuatd~or continuous channels A summary o-f the

characteristics is given in TFable 1. Channel A was u~sed to monitor t~he

Table I

TELEIMETRY SYSTEM CHABACTERIISTICS

Frcqucircy- 234 Nic

[IF power outputc--2 watts
:Subcarrier channels,:

(a) 22.0 ke f 7W.4%-1- volt input, uncommutated

(b) 30.0 kc 1 7Y%- 0- I volt input, unconaiutated
(c) 40,0 kc :L 7%A%-0-.1 volt input, uncommuitated

W ) S2. 5 kc 171/,"/-- -0.2 to +0.8 volt input, commutated
(o) 70.0 kc t. 730f--0.2 to +0.8, volt input, commutated

ount'ut. of i-,Xe 1 )resure Gauc;Chnne Is 113 and C were used to monitor the

VLF receiver data: and Ulhannels 1.) and E were used to monitor Several
data channels on a tine-sharin ha is The schedule of data for

C a nnitelIs D and L wan~ as Jfo I lows

CHANNEL V)

FUNCTION SAMPLING RATE

VLF n'g~netnimeter datae 20 samples per sec

VLV ant eina calibretion-Cliannel I (late 20 sarmples pe r seec
-VLF antenna calibretion-Channel. 2 data - 0samples per sec

VLF' receiver temperature dntei 20 -samples per sec

Field st~rengt~h data-Channel 1 10 samples per sec

Field strength dt- mnl2 10 samples per ý c c

6.3-'niltd--c monit~or data 20 samples per sec

28-volt ri-c munitor data 20 samples per sec

150-vult a-c monitor data 20 samples per sec

1.-cpa modulatina voltege monitor data 2 0 samples per sec

ihermeonule reference monitor (late 20) eamples per sec
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Channel E

FUNCTION SAMPLING, RATE

X-band antenna incident power data 40 samples per see

X-band antenna reflected power data 40 samples per sac.
X-band antenna transmitted power data 40 samplea per sec
VHF antenna incident power data 40 samples per sec

VH.F antenna reflected power date 30 samples per sac
VHF antenna transmitted power data 30 samples per sec

Surface temperature data (4 channels) 10 samples per sec
(each channel)

Figure 17 is a block diagram of the telemetry system,. A three-

section mechanical commutator was used to commutate the 52.5, and 70-kc

channels, asshown. The amplifier feedi'ng the 70-kc SCO (subcarrier

oscillator) was used to raise the voltage level of the data channels

from the range of 0 to 1.6 my to the input range of 0 to 0.8 volt of the

SCO. A negative pedestal voltage equal to 20 percent of full-scale was

applied to.every other commutator segment in both the 52.5- and.70-kc,

channels to.-permit synchronization of the automatic decommutation systems

at the telemetry ground stations. In addition, three consecutive com-

mutator segments were connected to each other and to a positive full-scale

voltage to provide a frame synchronization signal and a full-scale cali-

bration poipt for each revolution of the commutator. Similarly, zero and

la if- scale calibration points were also employed. The outputs of the five

SCO's were combined in a linear isolation network and used to frequency-

modulate the transmitter. Figures 18 and 19 show the configuration of

tLe telemetry package, which was mounted on both sides of an. aluminum

Anpunting plate located between Stations 33 .5 and 42 5.

i. POWgkd SUPPLY

Figure 20 is a block diagram of the internal power supp ly used to

power the rocket instrumentation package. The internal battery consisted

of five Yardney PM-5 cells and fifteen Yardney 11-3 cells connected "in

series t.o form a 28-volt d-c supply with a 6.3-volt tap.. The changeover

• relay was 4ise,- to t, ansfe i Lhe instrumentation load to an external

battery., thereby conserving internal battery power until Ijust prior, to

flight.

Changeover, as well as other functions described in the following

paragraphs, was perfo'rmed by remote control from the blockhouse. A control

panel specially designed. for' this purpose by the Institute was located in
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'the blockhouse and tied. into a cable system whi6h terminated"at a junction

box on the launch rail. Two umbilical cables :were connected to the rocket

- . instrumentation package and to the junpbtion box on therail, completing

the remote control circuits. Figure 5 shows the receptacles for the.

umbilical cables.

. The transistorized inverter was triggered,, to run at a constant fre-

quency of 413.57 cps. This wa a requireinent of the VLF instrumentation

mentioned in Sec. 1. As a part of this investigation, a dual receiver

operating at 15.5 and 18.0 kc was mounted in the instrumentation package

to record VLF signal strength. Because of the hiýh sensitivity .of the"

receiver and the relatively low frequencies to, be detected, it was

necessary to prevent harmonics of the power supply and the X-'band pulse

networks'from occurring at these frequencies. The 413.57-.cps rate met

this requirement.

The power supplied to the X-band and VHF transmitters 'was controlled

by. relays' which were energized by remote control 'from the control panel

at blockhouse. This was necessary to permit filaments .to be Jheated before

plate voltages were applied.

The 28-volt, 6,-volt, and 20-volt bus lfoltage.s, and the I-cpa

modulat ion voltage, were monitored at the same panelm

E. ENVI HONMENTAL, SENSORS

1. IEMPERATUOC

Surface temperatures were measured by means of thermocouple units
instatled at the locations shown in Fig. 2. This arrangement permitted

measuring the surface temperature of each test antenna, as well as

obtaining a profile of temperature along the surfacC of the instrumenta-

tion package. Each unit consisted of a Chromel/Alumel junction imbedded

in a Y-inch.- diameter, threaded plug which screwed into the rocket skin.

The plug material was the same as that of the rocket, skin, with the

exception of ih(e plug located at Station 8. Table II summarizes -the

Important features; as shown the temperatures were measured very close

t.o the surface, since the temperature of the layer of air adjacent to

"each test antenna was of primary interest.
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Table Il

THEF1MOCOUP11LE DATA.

SAIN ROCKET SKIN MATERIAL PAELU JUNCTIONLOCATION MAEILBELOW SURFACE

0. Stainless steel 303 S.S.303 0,002 :inch
8 Magnesium alloy AZUlCwT6 S.S,303 0.002 inch

16 Aluminum alloy 6061T6 Al1.6061T6 0.004 inch
42.5 Aluminum alloy 6061T6 A1.6061T6 0.004 inch

The output voltages were sampled by the commutator as describ~ei inl

Part C, amplified, and telemetered to the ground recording stations,

lioference junction.- were located on a terminal board at approximately

Station 16, where t~he Chromnel/Alumel. gauge loodls were joined to copper

wires going to the commutator. An iron/Constantan thermocouple was

attached to."the hoard, with its leads going via the pull-away cables to

a 32'F reference junction on the launch rail, The output of this~ thermo-

couple, read at the blockhouse, pro-vided a means of determaining the

temperature of the reference j unct~ions of the fouir surf ace- temperature

thermocouples at the time of launch. A simple he at,-senlsitLive resisuance

circi~e~t waz also attached to the board to measoro any drift ill tho

temperature of thc i1l~forence junc~tions after launch. The output of this

dev c-e was a omploI olanrd tcemIoe t; red to tho gro und st;at.ions.

2. PHEiSMURE

*Surface pe).essuro was measured at Station 8, which was the location

of. the X--bcnd antenna (Fig. 2). Ani ioni zati on type of gau~ge was used,

* siiicc this was the only .typc of g~auge small enough to fit, into the

lim itied space avat table. and] still1 he capablte of covering the. pressure

range of fi-on 2100 to 0.5 mm lig in one step.* This range includes the

o'arlge of pressures expectud during breakdown (of the X-band antenna. The

eo.itpul. of the goug,,e was a series; of 10-volt pulses, approximately 100 /Isec

wide. 'The pulse repetition rate was a function of the pressure, and

va~ried from abiout 250/sec at 200 mm 11g to ahoot 1/sec at 0.5 mm Hg. These

pu].Bse were fed thr~oughi a puilse-,widenid'g nietw~ork to a separate simbhca!rier

oscillator and tel emetered to the ground. Pressure was determined by

cosunt ing the number of pusi seain a gi ven t ime interval.

TYho minimum, p e aui~ hicl, tan be measured depends on the rate ol change of prerssure and the.
des CsI ~,e~' Thisa i-a dt .sciis5 ed in See~. Ill *C-3.
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F. VLF EXPERIMENT

The VLF cxperiment •on.isbed of flight measurements of the signal

strength of VLF transmissions from Stations NSS and NBA (15.5 and 18.0 kc)

as a function 'of altitude. Because of the extremely long wavelength in

comparison with the dimensions of the rocket, it was necessary to u1se

the rocket ýitself as a short dipole to obtaiiiý.the longest possible antenna.,

This was accomplished by inserting a dielectric coupling between the

'instrumentation package and the Cajun rocket, and connecting the VLF

rcccivei input terfitnals across the gap thus formed.

A duplicate receiver was located on the ground at the telemetry

station near the launch site to pi~ovide simultaneous reference, signals

that would allow later correction for variations in transmitted power

Since the antenna impedance would be changed by the presence-of

..ionospheric plasma -it was n•rpssary to saftiple the antenna imp~dance con-,

vtinuously and telemeter this data-to the ground to al-low for later corr-

rection of the signal. strength dat-a. 'Another modifying influence was the

dire~cti.nnal pattern characteristics of the dipole antenna. In order to

correct for pattern effects a magnetometer was included in the airborne

instrumentation to determine the approximate attithde of the rocket

Lhroughout the flight. These data were also sampled and telemetered to

the ground.

G. STATIC FIELD MEASUR•EMENT

Included in the instrumentation was a generating-.voltAmeter type of

field mcter that measured the magnitude of the electric field existing at

a point on the skin of the rocket 2 inches aft of the nose cone• .The

main objecti.ve for tic field-meter experiment was the investigation of the,

effects of the rocket engines in charging the vehicle. One of thL design

goals, therefore, was that the field meter amplifiers be sufficiently.

rugged and free of microphonics to be able to function during periods of

burning. For this reason, transistors rather than tubes were used in:the

amplIfier. To achieve maximum dynalnic range witth minimum complexity a

linear amplifier-detector circuit was choisen. The amplifier used in the

tests had a dynamic range of 40 (b. In order to remain within the dynamic

range of the telemetry system without the necessity of complicated switching,

t Wo telemetry cbannels were used sinultaneously to transmit field-meter

informamti on. Channel I was fed the full output voltage from the dete-ctor,
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while Channel.2 was fed one-tenth the detector output voltage. Thus, at

high signal levels (fields ,up to roughly 100 kv/meter) Channel .2 was

within its linear range and Channel 1 was saturated, :while at' low field

"levels"Channel I was Within-its linearrange andaChannel 2 indicated zero.

The detector head mounted in the skin of the vehicle (Fig, 5) was of

ycnventional design. A set of grounded vanes alternately covered and

uncovered a set of: stationary vanes, thereby periodically exposing the
.tationary vanes to the external electric field. The alternating current

generated ifi the stat-ionary vanes by ,this periodic exposure to. the electric

field was proportional to the magnitude of the field. This signal was fed

to the input, of the amplifier-detector circuit. It should he noted that

a simple system of this, sort does not. indicate the polarity of the field.

Also, the signal produced by the interruption of ion or electron current

flow to the stationary vanes is indi.stinguishable from the signal produced

by the electric field., (A current density of 35 pia/mn2 produces the same

reading as a fie ld of 1 kv/nieter).

tl. BEACON

An .S- band beacon, Type AN/DPN-41, was carrie.d in each package to

assure good radar tracking throughout the flight. Space requirements

prec ahdedl thl- nFr' of the standard beacon. power suppl y. Instead, powe r

was ohtaineid from the common power supply and fed to the beacon through

specialIy designed filters and shielded cables to prevent spurious

triggering of the beacon by stray pickup on the power leads. Standard

quiadraloop beacon antennas were mounted one on each side of thb equipment.

package, as shown in Fig. 2. The beacon transponder was mounted in the

forward section between Stations 11 and 20.

I. GROUND INSTRIUMENTATION

I. GENERAL

Figure 2] show.s the location of ground station: ii-.d f or tbe !aunchings

at Eglin Gulf Test Range, The launch site, Site A-il, Radar Station A-13,

and Telemetry Station A-6 are all located within five miles of each other

on Santa elosa Is]and, just off the Florida coast. Firings are directed

toward the Gulf of Mexico from the seaward side of Santa Rosa Island. A

second radar station and a second telemetry station are located southeast
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of the launch si~to di. Cap6 San Bias, a di'statice, of about 100 mites. Th e

facil iti~es of both Santa Rlosa Island and Cape San Blas were employed in

the three launchings to ensure continuous data in spite of changing.

attitude of the rocket in flight,

2, X-BAND

Rieceiving systems were empl~oyed. at Sites A-13 and D-3 to detect and

record th.; shapes of the pulses radiated by the K-band test antenna.

The 'antennas were paýrabolic diahcps with a ano 4d n sdfxd

circularly'polarized feed--. Antenna positioning data for the K-band

antennas was obtained from the nearby S-hand tracking radars, The videio

output of each receiver -was displayed ont an oscilloscope and photographed

continuousl~y by a strip camera throughout the flight.
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The fine details of the ,changes in pulsi, shape during breakdown were

of primary. interest, Consequeity I because the pulse \gidthu had a maxijmum

value of I 1 sec- anid a probable 'minimnum valuiz of 0. 1 g~sec, the IF and video

bandwidths were -increased to 20 Me and 10 Mc, respectively, to eliminate

waveform distortion which would otherwise occur in passing_ throi,'-h these

un~it~s.,, AGC, wihatm~'osan of a' few milliseconds, was employed, to

kefp the amplitude ofthe displayed pulses approximately constant, so that

they coujld be analyz~ed in detail. ..Th6& strip cameras were synchronized to

phtgaph -vr et uswihws considered adequate for analysis.

3. VHF

VHF receivers were Used at Sites A-~6 and D-3-to receive the signals.

radiated by the VHF t~est antenna. The. AGC voltage was fed into a

Sanborn recorder to provide a record of VHF ,signial strength. The-expected.

fluctuatiojia in signal strength caused by antenna breakdown are relatively

Last compared "wit~h those caused by changing, antenna orientation and

changing range, and cotild therefore be distinguishe~d,

4, TFLEMI,TRiY

Sitanda rd FMA/FM1 ttelIemetry equipment was empl1oyed at Sites A-6 and

D~ 3 to rece i vo and record t he tel emetered sik~inias. Five subcarrier

discriminator.- wverc empl~oyed at 22, 30,. 40, 52,5, and 70 he, all .with

+97 l~%bandpass filters. The output of each discriminator, was recorded,

as wiell a s thbne 'o mp o s te oIf the five channels, t he re'ceiver AGC voltage,

and the, data ..cbauneJl o utputs of the automvatic decommutator in the case

of the 52,5 and the 70-hec channels. Other data, which were not tele.-

metered but recorded on telemetry tape and Saniborn recorders, consisted

of the VH1F receiver AGC voltage, mentioned in Sec::. 11-1-3, and the VLF

ground-receiver output' voltages (Site A-16 only, see See. 11-1-5).

5.VLF

A dual VLF receiver was located at a point about 300 feet from the

telemetry station at Site A-6 to receive signals from'NSS and NBA for

reference purposes. The ouLpots of this receiver were transmitted through

50--ohm coaxial cable to recorders in the telemetry station (sce Sec,. 11-1-4.).
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6. TiRACKING

ýS-band radars located-at Sites..A-6-and D.3 we re` used totrack t~

beacon in -the rocket. In addition,, optlical t rac king data were su Ipplied

for approximately the first 30 seconds, of flight by phototheodolites

loosated, at Site A-6.'

. SHOC'K AND VIBRATION TESTING

Shock and vibration tests were performedi on completed instrumenta-

tion packag'es Nos. 2 and 3. Equipment employed in these tests consisted
* of a Barry Model 150 VI) shock machine, whichisesnial adrp

testing machine, aiid an M-B Modeil CI-25 vibr~ation test, machi ne.. The

in~strumeatation packages were so mounted that the shock and vibration

forces were parallel to the longitudinal, axis, Since only Cthe actual

flight packages wcrc a-vailable for test, it was not possible tn tes,,t t'()'

destruction.

Table III lists t he test conditions imposed on the two equipm(ent

packages. Electronic parts and hardware items-that showed a tendency to

loosen were. secured by potting compounds, or' mechanical, locking devices.

No iriajor damage. resulted from these tes~tti.

Table III

ENVIRONMENTAL TET CONDITIONSq

D ONOESCHIlPTLOtC 6TtR
TEST -________ _________ _

package 2 .Pac-kage 3

Shock 1 8-inch drop, 25g, 10 mai duration 7.25-inrh drop, 25g, 11 ma duration.
Shock 2 24-inch drop, .50g, 11 ms duration 24-inch d-rop, .50g, 11 ms duration
Shock 3 3,-inch drop,. 10g, 11 ms duration 2.5 -inch drop, 10g, 11 ma duration

Vibrationý 1,_ 20-125 cps, 5g, 1. ainute W0-30 cps, Ig, 2 minutes
Vibration 2 125-500 cps, 5g, J minute . 30-70Ocps, 0.036-inch amplitude 2minuteas
Vibration 3 100-500 cpa, Bg, I minute 70-500 cps, 5g, 2 minutes
Vibrntiop 4 -*100-500 cps, 8g, 2 ".ninuten

38



1,11 FLIGHT TEST RESULS AN .D A .NALY9SI

A. 'SUMMARY

The launch site was Site A-il, Aerospace Launching Facility, Eglin Gulf

Test R a -9e San t.a H oss IslIan d, Flor ida. The launc~hers were.. the general-

pur1pose type, designed so that both of the Nike launching tees- release

simultaneously, from the launcher after the vehicle ha's t~aveled 200 inches

along the rail.. Uimbili cal cables wyere pulled from the payload at first

motion. Launch time is dcfined as the time of first-stage ignition, as

observed from phototheodolite film. Table IV gives times of pertinent

evenfs for the three flights. I0

Table IV

LAUNCH D)ATA

M~ission Number 12 3

D~a te 4 Nov. 1.960) 14 March 1961 24 March 1961
Launch Time (Zulu) 2052:00.390) 21S2:00.535 1917:59.367
lst Stage Separation. (.;e.) -3.5 3.6
2nd Stage Ignition (s-ee) 1.6.67 18.265 19.6
2nd Stage Birylout (sec) . 21. 535 22.966

Hiadar Trac ,king Data (sve) 54.5 316.0 none
Phototbeodojite Data (see) 19.67 27.3 23.1
Elevation Anigle 86
Azimuth. Angie 1540

Additional data on ground-support equipment,, vehicle tra'dctor1i~l

wind velocities, and launch facilities are available from Ref. 6.

B. FIBST FLIGHT-- BOCKET AA6. 800

RlockL-t AA6. 800 was lauinched from Eglin Gulf Teat Range on

4 November 1960. Hadar and camera records s-how that the rocket performed

us expected. A nal function occurred in the instrumenta Lion 4vower supply

cungall cquipment to temporarily cease up ýrating during the Nike

buorning period and to perm~anently cease operatiaig at Caj un ignition ap.

ptoiximatcly .1.6.7 seconds afEter lkiunch.
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The X-band transmitter was being monitored prior to launch and was

functioning. Immediately following launch, however, the X.-band transmitter

"was reported to have stopped, and it is presumed to have stayed Off until

t = 3.112 seconds,, when the telemetry returned and showed it to be funce

tioning again. It is believed that the radar beacon also came back on

when the rest of the system's did, because the proper supply voltages to

"the beacon were indicated by the telemetry system. No report of the beacon

having returned to operation. was received; however, this was probably due

to the fact that the radar which was interrogating the beacon was unable

to reacquire the rocket after losing it at launch, Another radar did skin-

track the Cajun to about 200,000 feet before it lost contact.

All available information indicates that a malfunction occurred in

the power supply while accelerating during Nike.engine burning. The 'fault

was apparently cleared When the acceleration was removed at Nike burnout,

and all systems appeared to function properly. again unitil Cajun ignition

occurred at t =. 16.7 seconds, at which time the malfunction reappeared and

remained. The' power supply is the only point "in the system in which a

malfunction could cause all systems to go. on and off at the same time. The

* exact location of the fault in the power supply is impossible. to determine.

However, it. is felt that because dl. systems failed together it must have

occurred at the input sidu of the inverter, where the. 28-volt battely

voltage is chopped to produce the 414--cps wave that, supplies all the ac-

to-dc converters, as wed I as the 414-eps loads.

C. SECOND FLIGHIT-- H1OCK.ET AA6..801

L.. BOCKlET PEBFOHMANCE D)ATA

Rocket AA6. 801 was launched from Eglin Gulf Test Range on 14 March, 1961.

Figure 22 shows -the complete rocket assembly mounted on the launching j•il

and raised to the firing position. 1, adar camera records show tha'l the

rocket performed as expected. Figure 23 shows velocity, acceleration, and

altitude for this flight. No data were obtained from the X-band experiment

due to a failure of the transmitter shortly after launch. Data were oh-.

tained from the environmental sensors, the VHF experiment, the field strength

experiment and the VLF experiment. Thse, are described in the following

paraagraphs.

4')



This Document Contains Page/s/

Reproduced From
Best Available Copy

I F41

I4

FI.2/IECJNROKTO ANHRI

/4



This Document Contains Page/s

Reproduced From
Best Available Copy

2000 |

~a) 5000

1 5 0 0 -4 0 0 0

3000

12000
z

k4-)

Uj

-1000

0 C ERATION

0 10 15 20 50

TIME - second%

400,000 -

36o,ooo - (b)

320,000 -

280,000 -

240,000
w
0

t- 200,000

160,000

120,000

80,000 -

40,000 -

I I I I V I I I I I I. I ,
0 30 60 90 120 150 180 210 240 270 300 330 360

TIME - sec "a-tell -52

FIG. 23 VELOCITY, ACCELERATION, AND ALTITUDE vs. TIME - ROCKET AA6.801

42



2. SKIN~ TFkiPERATUBE

'A graph of the measured temperature data is given in Fig. 24. in

general the surface temperatures were well below the design values, thereby

allowing a gr~eater margin of safety than wn~s planned.' Note that these are

external surface temperatures, anid are probably apprec~iably higher than

those on the inside of the' rocket due to thermal time lag' and the rela.-

tively short-'flight time. Temperature peaks occurrled shortly after the

velocity peaks, as would be expecte~d." Near the p~eak of the trajectory the

temnperature pvbfile was almost constýant at about 20-0'F. This condition

continued through the peak and subsequent descent, until denser air was re-

entered at about 150,000 feet, at which time temperatures again rose to

high values, though not as high as during rocket burning. The temperature

at the tip of the nose cone during this re-*entry reached a m~aximum, of 500'F

av. an 'ilt~itude of.40,000 feet and a velocity of 4200 ft/sec.'

S STATION 0, (tip of nose
cone)_ I ' ----- STATION 42.5

-........ STATIONS

* I ---.- STATION 1

<300

0:

200 7!!n...

O 0 20- -16 - 40 50-- 60- 70 00 90 100 110. 120
ALTITUDE -- k~iornoters

FIG. 24 SURFACE TEMPERATURES vs. ALTITUJDE AND TIME -. ROCKET AA6.801
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3, SURFHACE PRESSURE

Pressure data'whieh were-obtained from the i'onization gauge at th e

X-banld antenna locatioin (Station .8) is shown in Fig. 25, together with

ýthe calculated values of. pressure. The ambient. free-.stream pressure, ob-

tained from',the ABiIC 1959 standard atmospher-ic, model7 is also shown in.,

Fig.' 25.- The pressure on the nose cone due to.o Aerodynamic effects was

calculated from the following equation:

where

-y ratio of speci fie heatst.

P,. pressure along the conical surface of the nose cone

P, ambient free-stream pressure

MI free-stream Mach number.

The ratio AP/q as a function of the Mach number was obtained from
Taylor and Maccoll', curi'cs 8 for a se-mi-vort~ex angle of 1.4.5 degrees.

ThesQ are valid as long as the shock wavei-s Attached to the rocket, the

Conlditionl existing in the alti tude regi on for which 1)2 is plotted in

Fig, 21.

The actual measured pressures agreed quit~e closely with the theoret-

3cal values for altitudes uip to 120, 000 feet., at which point the. Measured

values bouttwe app~reci ably higher th~an the theoretical ones.; The pressure

range of the gauge in fl-ight has a fundamental limi~tation in that the

output pulse count decreases with pre.~sure until *a point is reached where

the measuring interval becomes so long that the rate of change of pressure

must be considered.. In the Nike..Cajun flights,. this occeurrs at a pressure

ni' approximately 0.5 fin g, where the gauge output isoepulse perseod

Oad the change of pre.Psure~due to vehicle motion is..ApprIoxii.at~e'ly 20 percent

of the valupe being measured, This~level is identified in Fig, 215 As the.

minininim pressure gauge reading for good repsolution. This is seen to he

Sep Appendix A for derivation.

t 1.4 for air up to approximately 300,000 feet where the comapositiorn of the air -begins to change..
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considerably lower 'than the pressure .at which deviation of the- theoretical

and measured curves take place. Consequently, the observed discrepancies

above 120,000 feet are not attributed to this effect.

Another possibility considered was that the ambiejit electron density

was high enough to cause erroneous indications in the ionization gauge.

The characteristic, time constant of the pickup tube and chamber system

was found to be less than 10 ms, a value low enough to a'ssure essentially

equal pressures inside and outside due to the relatively slow time rate

nf pnr.aiure hbange on the outside. Thbrcforc, sincc there is negligible

net gas.flow through the tube in which to transport electrons, a dif'fusion

current appears to be the only manner of contributing electrons to the

densitometer from external sources. It was calculated that the mean f'iee

path is large enough at 270,000 ft so that free molecular flow rather than

viscous flow exists in the pickup tube. At altitudes below 180,000 ft

the opposite is true. A transition region exists in the 180,000- to

270,000-ft region. The electron current due to diffusion has a maximum

value at 1800,000 feet equal to,

electrons electrons
1 100 X (7)

sec CO

where

n, ambient electron density.

In the free molecular flow region the expression for saximua I is

elect rons
e2 x I03 x n2 (8)

s eC

,The current I was calculated as a function of altitude, using Eqs. .(7) and

'1' (8), for the appropriate altitude regions.* The, current I in the inter-

mediate region was obtained by interpolation, assuming a continuous tran-

sition. These currents were then used to calculate an equivalent gauge

output by means of the following equation:

pulse rate I (amperes) x (5 x 1010)

Caulscitnd values of , lel tron current adsume the worst case and neglect the loss of electrons to the
-a41l of the tube connecting the gouge to missile surface.
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Equialent pressure readings' w.'re obtained from the manufacturer' aCali-

bration sheets, using the calculated values of pulse'rate, These~equiva-

lent pressure readings, which are plo~tted in. Fig. 25, indicate that

ambient electron densities did not contribute significantly to the,. g~auge,.

errors noted above 120,000 feet, sinc~e the graph shows no apprecia~ble

amb~ieuit effects occurring before 250,000 feet. The graph 'also shows that

the ambient effects which occur beyond 240,000 feet do no~t 're semblIe the

observed erro~rs. It is nevertheless felt that an electron curvent into

th e gag salikely cause of false high readings at low pressures and

t-hat, while currents produced by external ioni zation do not, appear to be

the only cause, they undoubtedly contributed to the observed error, Hlow-

ever, the mechanism by which spurious electron curren~t of proper magnitude

could have entered to p~roduce the observed errors remains unknown,

The pressure at Station 42.5 (location of center of VH1F antenna), was

not measured, since this location is five diameters back on.tfle cylindrical

p ortion of the r~ocket,.-where ambient pressure conditions exist~

4. POWED SUPPLY VOLTAGES

In- flight, measurements of, the 28- volt, 6-volt, 15O-vo] t a~nd 1-cps

ýýupplias. show nto large devyiations. Tb :2 indicates that the X-band fai lure

at launIch occurred within the Lrannimitter. Graphs or thIlese voltages are given in Fig. 26.

-- I W V~ ~fT
6.3 V MONITOR I

160

1 ~~~5 40 MON~ I ITOR

14 0

io - F -

-40 0 40 s0 120 160 200 240 280 320 360
TIME--seconds

U2U79 45

FIG. 26 EQUIPMENT MONITOR VOLTAGES-vs. TIME - ROCKET AA6.801
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5. VHF ANTENNA BREAKDOWN DATA

These data were derived mainly from the records of signal strength

obtained at the A-6 and D--3 telemetry stations. Figure 27 shows breakdown

initiate and extinguish yalues expressed in terms of percent of maximum

transmitted power. The data points were obtained by examining the modula-

tion waveform of received signal strength and noting the exact times in

the cycle at which breakdown was initiated and extinguished. Since the

power variation was approximately linear, the ratio of initiate or extin-

guish power to the maximum power was readily determined. (See Section II-B.

It was found that the waveform of incident power as obtained from the

telemetered detector data was very similar to the waveform of VHF signal

strength. in Fig. 28, these waveforms are compared for a typical one-second

interval at t = 45 seconds from launch. The curve of incident power has

a shape almost identical to the curve of transmitted power, rather than

the shape expected. Figure 28(b) compares the incident and transmitted

power with respect to the level at which the characteristic step occurs,

as a function of altitude. These curves are also almost identical. This

suggests that the apparent breakdown took place in the transmission system

ahead of the directional coupler. However, it is also possible that the

icident power varied due to reflections from the aperture if breakdown

was taking place there, Slight differences were noted between the data

for the ascending phase and the data for the descending phase. Since break-

down is a function of density, some differences would be expected, as the

density conditions across the gap are not the same for ascending and de-

scending. This is attributable to the fact that even though the pressure

conditions are approximately the same at a given altitude, the temperatures

at the surface (Fig. 24), and hence in the boundary layer are quite dif-

ferent, resulting in a different value of density.

The initiate levels are replotted in Fig. 29, together with the r.e:

sults previously obtained in laboratory tests. The latter results indicate

that at altitudes up to about 180,000 feet, less power is required, to ini-

tiate breakdown as the density is decreased, whereas above 180,000 fee.t

more power is required as the density is decreased.

In view of this, ard the fact that the density was higher in the dc-

scending phase than in the ascending phase at all altitudes above 40,000 feet,'

one would expect lower initiate levels in the descending phase above
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180,000 feet and higher levels below. This was not the case, however;

Figs. 27, 28, and 29 show that lower values of initi?''e level were re-

quired in the descending phase below 180;000 feet,

A more fundamental discrepancy is obvious from Fig. 29. Whereas

theory and laboratory experiments predict a breakdown altitude region of

120-240,000 feet, with a definite minimum value of initiate power at

180,000 feet, the flight data show a leveling-off to a more or less con-

stant value at all altitud-es above 120,000 feet. The available data in-

dicate that the density conditions at a given altitude or pressure were

only slightly different in the flight condition from what they were in

the laboratory. Consequently, the large differences indicated in Fig. 29

are not explained in terms of known density differences.

The fact that breakdown occurred at lower altitudes than expected

might be attributed to breakdo."n within the V11F amplifiers feeding the

antenna. Two amplifiers in series composed the uufput stages of each VHF

transmitter. Originally, RF breakdown in either amplifier stage was not

considered a possibility by the subcontractor who assembled the VHF trans-

mitters- However, the subcontractor later informed the Institute that

the final stage might be expected to undergo breakdown at some altitudes.

Consequently the final amplifier in the second and third flight packages,

which were then being readied for flight, were carefully sealed at the

launch site. Although it was not possible to check the seal in a vacuum

chamber, it is presumed that the seal was complete.

Test data obtained later from the amplifier manufacturer show that

at a power level of 40 watts, RF breakdown has occurred in at least two

unpressurized amplifiers at a pressure equivalent to 20,000 feet altitude.

Similarly, at power levels of 20 watts and 7.5 watts, breakdown has oc-

curred in samples at altitudes of 60,000 and 97,000 feet, respectively.

These data points are shown in Fig. 29, Since the first amplifier in each

flight package was not sealed and since its output at the pea-k of the

modulation cycle was 7.5 watts, breakdown could have occurred in it, on

the basis of the•-above laboratory data. However, the flight data indicate

that the breakdown level of output power of the final amplifier was ap-

proximately 20 watts at 97,000 feet, which corresponds to 3.17 watts out-

put of the first amplifier. The latter value is considerably lower than

that which was obtained in the lab. Because of the lack of completc data

it is not certain that the breakdown actually took place in the transmitter

•mplifi5ers.
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6. X-BAND ANTENNA BREAKDOWN DATA

No X-band breakdown data were obtained. Figure 30 shows the expected

results. The laboratory data of Fig. 15, which were plotted as a function

of pressure, have been replotted in Fig. 30 as a function of altitude,

with allowance for the dynamic conditions of temperature and pressure

which existed at the aperture of the antenna during the flight. Separate

curves are drawn for the ascendiing and descending phases, since pressure

and temperature conditions are somewhat different (see also Figs. 24 and 25).

100/
oo 

10 1

0 o

ASCENDING

--- DESCENDING

8-31A

1.01
0 40 80 120 160 200 240 280 320 360 400

ALTITUDE - 1000 ft RO-2979-"

FIG. 30 X-BAND ANTENNA BREAKDOWN - CALCULATED FLIGHT DATA

7. VLF DATA 5

The VLF receivers recorded only the signal strength of U.S. Naval

Riadio Station NBA because a change in frequency of station NSS was made

shortly before the last two flights. An excessive amount of antenna noise

was noted throughout the entire flight, and is attributed to interference

from the S-band beacon transmitter.

Accurate signal strength data were derived from the recorded receiver

voltages, except at altitudes above 180,000 feet, where the rocket tumbled

or precessed. The details of this motion are not known because the

attitude-sensing magnetometer failed to operate above 135,000 feet. Con-

sequently, signal strength data which was obtained for this higher alti-

tude region contains a possible error of as much as 10 db.
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Antenna impedance data were obtained as a function of altitude. The

measured capacity of 30.1 picofarads (pf) just prior to Nike separation

compared well with the 33 pf previously obtained from model measurements.

Similarly the capacity after separation was 26.5 pf, as compared with

25.5 pf on model measurements Between 9,000 and 210,000 feet a noise-

like variation of about 7 pf (peak-.to-peak) was noted. The reason for

this is unknown but it is believed to be partly due to changes in the

capacity of the dielectric gap

Measured differences of about 4 pf were observed between the up and

down paths at 30.000 feet, with smaller differences at the higher altitu!d-s.

These also are attributed to slight changes in the gap capacity.

At altitudes above 210,000 feet, as the rocket entered the ionosphere,

the main trend was toward increasing capacity with increasing ionization

with values rising to as high as four times the initial value near the

peak of the trajectory. Superimposed on this ,rn cyclic variations which

are attributed to rocket precession. '[he reason for the main trend was

not determined,

The conductance component showed a rise and fall in the 45,000 to

150,000 feet altitude region which has been attributed to heating of the
gap by heat conduction from the Cajun motor, followed by cooling after

burnout A rise occurred on the down path at about 60,000 feet. probably

as v result of aerodynamic heating.

8 STATIC FIELD STIIENGTH DATA

The field meter experiment was directed at the investigation of pos-
sible effects of rocket engines in producing static charges on rockets

and missiles. Previous experience with jet engine charging on aircraft

indicated that the rocket engines should be expected to charge the vehicle

to potentials of several thousand volts. Conductivity data indicated that

this charge should leak away rapidly after burnout, so that it was antici-

pated that at altitudes of 30 kilometers and above the insensitive field

meter used in this experiment should indicate zero

Data from the firing shown in Fig 31 indic-ate that the engines (lid

indeed charge the rocket to potentials of several thousand volts, and, as
was expected, this charge leaked away within a few seconds. Thus, shortly

after burnc.ut, the field meter indicated essentially zero field until an
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altitude of 90 km was reached. At this time the field meter unexpecteniiy

began to indicate a non-zero field. The indicated field intensity gradu-

ally increased until at 100 km it reached a value of thousands of volts

per meter. High field readings of gradually varying magnitude persisted

to the apex of the trajectory and down to roughly C5 k:-1.

When the data were first inspected it was felt that the high indicated

field at 90 km and beyond must be the result of a malfunction in the field

meter. It was difficult, however, to conceive of a malfunction that would

cause the indicated field to vary gradually. On the other hand, assuming

that the instrumentation did not malfunction, it was difficult to conceive

of a mechanism whereby sufficient charge could be maintained on the rocket

to produce the measured field magnitudes or ion currents. One possibility

considered thus far is that the rocket encountered a cloud of dust near the

apex of its trajectory, and triboclectric charging resulting from impacts

with dust particles was responsible for the high char'e on the rocket.

The existence of a dust cloud at these altitudes was demonstrated by

Soberman 9 of AFCRL using an Aerobee-Hi rocket equipped with traps to ob-

tain dust samples. Unfortunately, Soberman's experiment did not measure

the charges generated by the particles upon impact with the vehicle so

that it is not possible to obtain quantitative verification of the indi-

cated field magnitudes,

D. THIRD FLIGHT--ROCKET AA6.802

Rocket AA6.802 was launched from Eglin Gulf Test Range on 24 March 1961.

Radar and camera records show that the rocket performed as expected. No

data were obtained due to a failure of the power supply dfiring the first

acceleration shock of Nike ignition. No telemetry data were available to

enable determination of the location of the failure. -Data up to the instant

of firing indicate that all systems were operating normally until that time.
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IV CONCLUSIONS AND RECOMMENDATIONS

Although three payloads were launched and the rockets performed as

expected, significant results were obtained only from the 14 March mission.

Failures occurred in the common power supplies in the 4 November and

24 March payloads, thereby preventing the recording of useful data.

Data from the 14 March mission were limited because of a failure in

the X-band transmitter shortly after launch and breakdown in the VHF system

ahead of the antenna. Temperature profiles and nosecone pressure were ob-

tained, as well as static charge and VLF field strergth data.

In order for the primary objective, as set forth in the introduction,

to be achieved, additional tests would be required. A fundamental dif-

ference exists between flight and wind tunnel conditions which would make

the results of wind tunnel testing of questionable value. The free-stream

velocity and pressure can be readily simulated, and perhaps even the den-

sity, but the free-stream and stagnation temperatures would in general not

be the same in the wind tunnel as they are in flight, resulting in a dif-

ferent density profile across the boundary layer. Since this layer is

where the breakdown occurs, and since breakdown is a function of density,

different results would be obtained. In view of this, it is recommended

that further tests should be flight tests. The usefulness of such tests

would be increased if performed at speeds above Mach 6, where velocity and

ionization effects would ', readily apparent.

Two methods of increasing the reliability of such tests are suggested.

First. hecause of the equipment failures experienced in the three flights

it is recommended that at least one complete equipment package be available

solely for environmental testing to destruction. The shock and vibration

testing performed in this program was limited because the equipment tested

was flight equipment and could not be tested beyond its endurance.

Second, it is felt-that the use of separate power supplies for each

experiment and for the telewietry equipment would be the proper approach

for flight tests, notwithstanding the fact that a larger vehicle would be

required. This approach was not used in the program described here because

.57



of severe space limitations in the Nike-Cajun instrumentation package.

An alternative would be to use the same vehicle (Nike-Cajun) with only

one major experiment (i.e. cw or pulse breakdown) per flight. In this

case, a minimum of two flights would be required. Additional reliability

could then be readily achieved by decreasing the density of all critical

equipment and utilizing the remaining space for detectors enlarged by the

addition of integral amplifiers to eliminate low-level signals, which are

susceptible to stray pickup. The elimination of inter-experiment inter-

ference problems and a reduction in ground instrumentation complexity

would 'lso result from this approach. Another alternative would be to

utilize extra space on another vehicle on a non-interiering basis.
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APPENDIX

PRESSURE ON SURFACE OF CONE AS A FUNCTION
OF FREE-STREAM PRESSURE AND MACH NUMBER
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APPENDIX

PRESSURE ON SURFACE OF CONE AS A FUNCTION

OF FREE-STREAM PRESSURE AND MACH NUMBER

The normalized pressure change between the free stream and the surface

of a cone for a given Mach number and cone semi-vertex angle has been de-

termined by Taylor and Maccoil 1 0 and is given by

L.P P2 -PI

(A-1)
q q

where P 2 = cone surface pressure, P1 = free-stream pressure, and q is a

reference pressure given by

q = pV2  =p(aM)2  (A-2)

2 2

p = density
V = velocity of body
a = local speed of sound

M =Mach number.

Put

a2 = P

P

y = ratio of specific heats (1.4 for air)
P = pressure of gas

so that

q --PM2 (A-3)
2
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Equation (A-i) then becomes

p p 'YpIm AP
P, - P1  = - M

or

Spm2APP2 1f 2I 1T 1

P2  = PM (+§•-M (A-4)
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